abstract Adult subjects with systemic capillary leak syndrome (SCLS) present with acute and recurrent episodes of vascular leak manifesting as severe hypotension, hypoalbuminemia, hemoconcentration, and generalized edema. We studied clinical disease characteristics, serum cytokine profiles, and treatment modalities in a cohort of children with documented SCLS. Six children with SCLS were recruited from the United States, Australia, Canada, and Italy. Serum cytokines from SCLS subjects and a group of 10 healthy children were analyzed. Children with SCLS (aged 5-11 years old) presented with at least 1 acute, severe episode of hypotension, hypoalbuminemia, and hemoconcentration in the absence of underlying causes for these abnormalities. In contrast to what is observed in adult SCLS, identifiable infectious triggers precipitated most episodes in these children, and none of them had a monoclonal gammopathy. We found elevated levels of chemokine (C-C motif) ligand 2 (CCL2), interleukin-8, and tumor necrosis factor a in baseline SCLS sera compared with the control group. All patients are alive and well on prophylactic therapy, with 4 patients receiving intravenous or subcutaneous immunoglobulins at regular intervals. The clinical manifestations of pediatric and adult SCLS are similar, with the notable exceptions of frequent association with infections and the lack of monoclonal gammopathy. Prophylactic medication, including high dose immunoglobulins or theophylline plus verapamil, appears to be safe and efficacious therapy for SCLS in children.
In 1960, Clarkson et al 1 first described a young woman presenting with recurrent episodes of shock due to "sudden phenomenal loss of plasma from her vascular bed." Since then, only 200 to 300 similar cases of what was later termed the "systemic capillary leak syndrome" (SCLS) have been reported. 2, 3 Most of the documented subjects are adults, who experience recurrent episodes of severe hypotensive shock due to extravasation of plasma fluid and proteins into the interstitium, resulting in hemoconcentration, hypoalbuminemia, hyponatremia, and severe generalized edema. SCLS is associated with substantial morbidity and mortality, with a 5-year overall survival of 73% to 76%. 3, 4 A European registry of predominantly adult patients with SCLS suggested statistically significant increases in survival in those receiving prophylactic therapy (including theophylline and terbutaline and/or intravenous immunoglobulin [IVIG]) compared with patients who received no prophylaxis. 3 Only 9 cases of clear-cut, idiopathic SCLS have been reported previously in children. 3, [5] [6] [7] [8] [9] [10] [11] [12] Here we describe 6 children, aged between 5 months and 11 years, who presented with recurrent episodes of systemic capillary leak. Children were given prophylactic therapy successfully, which included theophylline plus verapamil or intravenous or subcutaneous IgG. We summarize clinical investigations ( Fig 1 and Table 1 ) and serum cytokine analysis (Fig 2) . Methods and statistical analysis are described in the Supplemental Information.
CASE SUMMARIES

Case 1
An 8-year-old white boy presented with acute shock and generalized edema, which was preceded by 2 days of coryzal symptoms, lethargy, excessive thirst, and vomiting. He exhibited tachycardia (170 beats per minute), hypotension (74/36 mm Hg), metabolic acidosis, marked hemoconcentration (hemoglobin [Hgb] 225 g/L), and hypoalbuminemia (20 g/L). He was stabilized with multiple fluid boluses and a 4% albumin infusion. The edema resolved slowly over 4 days, followed by diuresis and development of pulmonary edema requiring oxygen supplementation. Although workup for presumed sepsis (blood, urine, and cerebrospinal fluid cultures) was negative, a nasopharyngeal aspirate (NPA) tested positive for Rhinovirus and Parainfluenza 3 by polymerase chain reaction. Two weeks later, he presented with mild facial and limb swelling, hemoconcentration, and hypoalbuminemia without hypotension, which responded to a short course of oral steroids. The diagnosis of SCLS was made, and IVIG infusions (1 g/kg monthly) were commenced without recurrence of further acute episodes. However, due to significant IVIG-related headaches and abdominal pain, subcutaneous immunoglobulin (SCIG) injections (80 mg/kg 3 times weekly) were substituted for IVIG, which he has tolerated well.
Case 2
A 22-month-old white girl presented with severe shock (blood pressure 46/21 mm Hg) and generalized edema after a 4-day history of fever, vomiting, and coryzal symptoms. Initial blood tests revealed significant hemoconcentration (Hgb 180 g/L), hypoalbuminemia (15 g/L), and metabolic acidosis. She was resuscitated with multiple fluid and albumin boluses. Twenty-four hours later, she developed significant polyuria and pulmonary edema requiring intubation and ventilation. Her clinical course was complicated by rhabdomyolysis (CK 14 590 IU/L), which resolved spontaneously. NPA tested positive for respiratory syncytial virus although all cultures were negative. An initial diagnosis of culture negative sepsis was made. At 28 and 33 months of age, she presented with shock associated with hemoconcentration and hypoalbuminemia, precipitated by nonspecific prodromal symptoms. The third episode (at 33 months) was complicated by pericardial effusion, which required drainage. On both occasions, all cultures were negative, but the NPA was positive for influenza B virus at the time of the last episode. Upon the third presentation, SCLS was diagnosed, and she was commenced on IVIG (2 g/kg per month). She remains well without further acute episodes.
Case 3
A 6-year-old white girl presented with pallor and shock after a 48-hour history of fever, coryzal symptoms, abdominal pain, and vomiting. She had significant hypotension (75/56 mm Hg) and metabolic acidosis on presentation, which was associated with hemoconcentration (Hgb 209 g/L) and hypoalbuminemia (18 g/L). Fluid boluses stabilized her hemodynamic status; however, her edema worsened, resulting in compartment syndrome of the left arm and both legs and rhabdomyolysis (creatine kinase [CK] 200 000 IU/L), necessitating fasciotomies. Although cultures were negative, NPA was positive for influenza A. She was discharged with a persistent right foot drop and a presumed diagnosis of severe viremia. The diagnosis of SCLS was made retrospectively 1 year ago at 11 years of age. Because her current symptoms are limited to moderate facial edema accompanying viral infections and she has not experienced a severe episode in 6 years, no prophylactic therapy was commenced.
FIGURE 1
Longitudinal follow-up of 6 children with SCLS. Clinical course, date of formal diagnosis of SCLS, and treatments were recorded after the initial presenting episode over the time periods indicated as denoted by each symbol.
Case 4
A 3-year-old girl presented with mild hypotension, lethargy, and periorbital edema after several days of coryzal symptoms and diarrhea. Mild hypoalbuminemia and hyponatremia were noted. She was discharged after treatment with antibiotics and intravenous fluids. At age 5, she presented with severe hypotensive shock (blood pressure 60/30 mm Hg) after a 2-day history of nonproductive cough, diarrhea, and a paronychia that was incised and drained (group A Streptococcus). She had significant hemoconcentration (Hgb 175 g/L), hypoalbuminemia (11 g/L), and hyponatremia (129 mmol/L). She was resuscitated with intravenous antibiotics, crystalloid, vasopressors, albumin, and stress dose steroids. Three days later, she was intubated for flash pulmonary edema. Infectious workup failed to reveal a source for presumed sepsis. At age 6, she again presented with hypotension, lower limb swelling, and oliguria associated with hemoconcentration and hypoalbuminemia after a 2-day prodrome of fever, abdominal pain, and vomiting. She was treated with intravenous albumin and IVIG (2 g/kg), which led to eventual recovery. At this stage, the diagnosis of SCLS was made. She was commenced on IVIG (2 g/kg monthly). However, due to severe postinfusion headaches, this therapy was replaced with biweekly SCIG (125 mg/kg). She remains well on this regimen and has had no further episodes.
Case 5
A 4-year-old boy, who presented with a 3-day history of coryzal symptoms and periorbital edema, was noted to have hemoconcentration (Hgb 182 g/L), hyponatremia (120 mmol/L), and hypoalbuminemia (17 g/L) at the time of admission, but he did not develop hypotension and recovered after receiving fluid resuscitation and antibiotics for presumed sepsis. Six months later, he presented with similar signs and symptoms after a several-day bout of vomiting and diarrhea, which again resolved with administration of intravenous saline and albumin. At that time, treatment with montelukast was begun for presumed SCLS. One month later, he presented with hypotension and hypoalbuminemia after flulike symptoms. Shortly after admission, he developed severe shock with cardiac arrest, requiring 43 minutes of cardiopulmonary resuscitation and 4 days of extracorporeal membrane oxygenation. Further studies revealed ascites, pericardial and pleural effusions, and influenza A infection. He recovered after treatment with oseltamivir, steroids, broad-spectrum antibiotics, and IVIG. Subsequently, therapy with monthly IVIG (1 g/kg) was initiated, and he has remained symptom-free for more than 3 years.
Case 6
This patient's clinical presentation was reported previously 13 and is summarized in Table 1 Cytokine profiles of pediatric SCLS sera. A-F, Cytokine levels in sera from 6 asymptomatic children with SCLS and 10 healthy children without SCLS were measured by multiplexed enzyme-linked immunosorbent assay or standard enzyme-linked immunosorbent assay (Ang2). *P , .05, **P = .0003, Mann-Whitney U test. e732 
DISCUSSION
Here we report the largest case series thus far of idiopathic SCLS in children. We noted several differences between pediatric and adult SCLS. Nearly all pediatric subjects (14 of 15) experienced a flulike prodrome, in contrast to adults, in whom 25% to 50% of the episodes were preceded by a flulike illness. 4, 14 All of the patients in our cohort and 8 of 15 reported cases overall (53%) had a documented infectious trigger. Secondly, none of the pediatric patients tested to date had a monoclonal gammopathy (n = 10). By contrast, 75% to 95% of adults with classic acute SCLS have monoclonal gammopathy of undetermined significance. 2, 3 Our current and limited understanding of SCLS pathogenesis is that endothelial contraction and adhesive junction remodelling lead to capillary hyperpermeability and subsequent plasma extravasation. 14, 15 Although the high prevalence of monoclonal gammopathy of undetermined significance in adult cases raises the possibility of a paraprotein/autoantibody-mediated mechanism, we and others [14] [15] [16] 14, 15 In contrast, we found elevated levels of IL-8, TNF-a, and CCL2 in pediatric SCLS sera compared with sera from healthy control children, whereas concentrations of VEGF, Ang2, or CXCL10 were not different from controls (Fig 2) . However, the absolute levels of all cytokines were much lower in the Sion-Sarid et al 2010 9 Gousseff et al 2011 3 Piastra et al 2012 10 Perme et al 2013 11 Iwasa et al 2014 12 children tested than those seen in adults.
Although the role of IVIG for the prevention of SCLS episodes in adults is now well-established, 3,18-21 its use in pediatric SCLS has not been reported. Four of our 6 patients were treated with IV or SCIG, and none had a further severe episode while on this treatment, suggesting that immunoglobulin prophylaxis (1-2 g/kg per month) is effective therapy for SCLS in children. Two patients did not tolerate this high dose of IVIG well, experiencing significant postinfusion symptoms despite premedication. SCIG injections, which are associated with lower peak immunoglobulin levels, appear to be a suitable alternative in these instances.
Finally, an important question regarding pediatric SCLS is the natural history of the disease, which then dictates the length of prophylactic therapy. One of our patients (P3) was not commenced on prophylaxis but has remained well with only mild infection-associated edema. Although further longitudinal studies are required, it is possible that SCLS in children resolves spontaneously over time.
CONCLUSIONS
Our case series suggests potential differences in the pathophysiology of adult and pediatric SCLS. Although the study is limited by its small sample size, our observations suggest that maintenance therapy for SCLS, including IVIG or theophylline plus verapamil, is effective prophylaxis for this rare but serious condition in children.
